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® Process for the production of arachidonic acld-contalning lipids. 




® A process for the production of arachidontc acid- 
contatning lipids, which comprises cultivating a strain 
selected from the group consisting of Mortierella 
aipina Mortierella bainteh, Mortierella etongata, Mor- 
tierella exigua, Mortieretta minutissima, Mortierella 
vertidllata, Mortierella hygrophila and Mortierella 
pdycephala in a solid medium comprising the whole 
potato. Lipids contatntng arachtdonic acid in high 
^content are obtained in high yiekJ. 
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PROCESS FOR THE PRODUCTION OF ARACHIOONIC ACID-CONTAINING LIPIDS 



BACKGROUND OF THE INVENTION 

Fieia of the invention 

This invention relates to a process tor the pro- 
duction of arachidonic acid-containing lipids, and 
particularly to a process for the production of lipids 
containing arachidonic acid in high content by cul- 
tivating a specific species belongmg to the genus 
Mortierelta. 



Prior Art of the Invention 

Arachidonic acid is believed to be a precursor 
of prostaglandins, thromboxanes, prostacyclin, 
leukctnenes and the like which have various and 
strong physiological activities such as oxytocic and 
atonic activities, vasodilating activity and hypoten- 
sive activity, and it now attracts a good deal of 
public attention. 

Arachidonic acid is widely present in the ani- 
mal kingdom and has heretofore been isolated 
from the lipids extracted from adrenal gland, liver 
or sardines. However, since the content of ar- 
achidonic acid in these lipids is usually less than 
5%. the yiekl per cell dry weight is only 0.2% or 
lower, and it is difficult to get the raw materials in a 
large scale, this extraction method cannot be useful 
one for the production of arachidonic acid. 

On the other hand, many methods have been 
proposed for the production of arachidonic acid by 
cultrvating various microorganisms capable of pro- 
ductrig arachidonic acid. For instance. Japanese 
Patent Publication (unexamined) Nos. 64482/1977. 
64463/1977 and 64484/1977 disclose a method for 
the production of arachidonic acid. In which an 
aracttidonic actd-productng microorganism bek>ng- 
ing to the genus Penicilltum. Cladosporium, Mucor. 
Fusarium. * Hormodendram. Aspergillus. or 
Rhodotorura, is cultivated in a medium containing a 
cartxyi source such as hydrocartx>n or cart^ohy- 
drate to collect arachidonic add from the culture 
broth. However, the content of arachidonic acid in 
the lipids obtained by this method is only 7.5% or 
below and the yield of the acid per the dry weight 
of the cells is less than l%. 

It has been reported that some of the strains 
bekKiging to the genuses Entomophthora. De* 
laaofxta, Conidiobotus. Pythium and Phytophthera 
wtticti tielong to Entomophthoraies or Zygomycetes 
produced arachidonic add-contatntng lipids, and 
the contents of the add in the lipids were 27.1% 
hased on line weinht of whole fattv acids in E * 



exiiiialis. !9.!% in E. ignobilis and I8.8% m 5 thax- 
:eriana (D. Tyrrell. Canadian Journal of M.-rooi- 
oiogy. Vol. 13 (1967). pp. 755-760). It has also oeen 
reooaed that Monierella remspora oroduced ar- 

5 acnidonic acid-coniaming lipids, the contents of 
which in the myceha were 4.8% ana the content of 
arachidonic acid m the lipids was 26,7% (R.H. 
Haskins et al.. Canadian Journal of Microbiology. 
Vol. 10 (1964). pp. 187-195) and that the red alga. 

?o Porphyridium cruentum produced arachidonic acid, 
the yield of which was less than 1% of the total dry 
weight of the ceils (T.J, Ahern, Biotechnology and 
Bioengineenng, Vol. XXV. pp. 1057-1070 (1983)). 
Further, it has been reponed that Mortierella 

/s eiongata cultured in a liquid medium containing 
yeast extract and malto extract produced 0.5 to 1.0 
g of arachidonic acid per liter of the liquid medium 
and the content of arachidonic acid in the whole 
fatty acids was 30.1% (S, Yamada et al. Annual 

20 Conference ot the Agricultural and Chemical Soci- 
ety of Japan, a summary of lectures, page 502. 
March 10. 1986) 

However, the contents of arachidonic acid in 
the total dry weight of the cells and in the lipids 

25 produced by these species as well as the yield of 
arachidonic acid per weight of medium used were 
not so high from the standpoint of practical use. 

30 SUf^MARY OF THE INVENTION 

Accordingly, an object of this invention is to 
provide a process for the production of arachidonic 
acid-containing lipids by the cultivation of an ar- 

35 achidonic acid-producing microorganism, wherein 
the contents of arachidonic acid in the total dry 
weight of the cells as well as in the lipids extracted 
from the cells are so high that it is easy to collect 
and purify arachidonic acid and to obtain highly 

40 purified arachidonic acid in high yield. 

The inventors of this invention studied the abil- 
ity to produce arachidonic acid regarding the spe- 
cies of the genus Mortierella and found out that 
certain Mortierella species produce the lipids con- 

45 taining arachidonic acid in a high amount and that 
certain culture media can increase the total cell 
weight of the microorganism grown therein. 

According to an aspect of this invention, there 
is provided a process for the producton of ar- 

50 achidonic acid-containing lipids by cultivating a 
strain, of Mortierella species selected from the 
group consisting of Mortiereiia aipina. Mortierella 
bainieri. Mortierella eiongata, Morti^elta exigua, 
Mortierelta minutissima. Mortierella vertidflata. Mor- 
tierella hvaroohila and Mortierella noivreohaia. 
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Accoraing to the prelerreo emooatmeni o( ihts 
invention, tne strain o( Mortierella soecies is cui- 
livated in a culture medium comprising a tuber. 

DETAILED DESCRIPTION OF THE INVENTION 

Specific examples o* a species which can aa- 
vantageousiy be used in this invention include Mor- 
tierella aipina (IFO 8568, ATCC 16266. ATCC 32221. 
ATCC 42430), Momerella bamion (IFO 8569). Mor- 
tierella eiongata (IFO 8570). Mortierella exigua (IFO 
8571), Moniereila mmutissima (IFO 8573). Mor- 
tierella venicillata (IFO 8575). Mortierella hygrophila 
(IFO 5941). and Mortierella polycephala (IFO 6335). 
All ol these strains are mold and listed in the strain 
catalogues of the Institute of Fermentation, Osaka • 
(IFO). Japan and Amencan Type Culture Collection 
(ATCC), 

The present strains can t>e cultivated m a solid 
or liquid medium by static or stir culture with 
shaking or under aerated agitation. 

According to one of the preferred embodiments 
of this invention, the present strains are cultivated 
tn a culture medium compnsing a tuber such as a 
potato, a tare, a sweet potato, a cassava, a yam or 
Jerusalem artichoke, with a potato being preferred. 
For prepanng a solid medium, a tuber is cut into 
about I cm-cubes, added with 0 to 2 times, prefer- 
ably 0 to I time water, boiled and crushed well, to 
which carbohydrate is added in an amount of 0 to 
20%. preferably 2 to 10% and mixed well. If water 
IS added in an amount of more than 2 times the 
weight of the tuber, it is impossible to prepare a 
solid medium. For preparing a liquid medium. 300 
to 2000 g. preferably 400 to 1000 g of the tuber cut 
into about i cm-cubes is boiled in 1000 ml of water 
for about 20 minutes, filtered through a cloth and 
diluted with distilled water to obtain tOOO ml of an 
extract to which carbohydrate is added in an 
amount of 0 to 20%, preferably 2 to 10% "before 
sterilization ol tho extract Alternatively, carbohy- 
drate separately sterilized may be added to the 
extract stehlizad. Examples of the carbohydrate 
include glucose, fructose, saccharose, molasses, 
saccharified woods and starch hydrolyzates. 

According to the other of the preferred embodi- 
ments of this invention, the present strains are 
cultivated in a culture medium comprising a tuber 
and a divalent metal ion such as Ca** or Mg'*. Ca'* 
is added in an amount of 0.02 to 2 g. preferably 
0.05 to I g per I or kg of the medium and Mg'* in 
an amount of 0.01 to 5 g. preferably 0.02 to 2 g per 
I or kg of the medium. 

Further, there may be added a nitrogen source 
such as ammonia, an ammonium salt, glutamic 
actd. aspartc add or urea, an inorganic salt such 
as potassium, sodium, iron, zinc, cooper or man- 



ganese salt, a trace element ana otner nutrients. 
There may also De used a meoium comonsmg 
mall-extract, peptone, yeasi extract, corn steep li- 
quor or casammo acid wuh or without caroohy 
5 drate. 

Initial pH of the culture medium is suitably tn 
the range of 4.0 to 7.0. The cultivation rs conducted 
at 10 to 33 'C. preferably 20 to 30 "C for 2 to 20 
days. 

/o The present strains grow under such aerobic 

condition and produce lipids most of which are 
contained within the cells. Therefore, the cells are 
separated from the culture fluid, crushed mechani- 
cally or physically and extracted with a solvent or 

>5 supercritical cartwn dioxide to obtain lipids contain- 
ing arachidonic acid in high content. 

The resulting lipids are subjected to conven- 
tional hydrolysis, esterification or interestenfication 
to assay the content ol arachidcnic acid. Because 

20 of the high content of arachidonic acid m the lipids, 
tt is possible to easily and economically punly 
arachidonic acid or its ester by solvent or 
chromatography fractionation or urea adduct sepa- 
ration method, as compared with the prior an. The 

:5 maximum yield of arachidonic acid or its ester 
according to this invention reaches 28.7% based 
on the total dry weight of the cells which cor- 
responds to 20 to 30 times the yield of the prior art 
method; the yield based on the weight of the 

30 culture ..ledium, 2 to 13 times that of the pnor an. 

According to this invention, it is possible, to 
obtain arachidonic acid 30 times more on the base 
of the total dry weight of the cells than those 
obtained by the prior an process, or to obtain 

J5 arachidonic acid-containing lipids in a yield (per the 
weight of the medium) 13 times higher than that ol 
the prior an prociass. 

Because of the high content ol arachidonic 
acid in the lipids as well as in the medium, it 

40 becomes possible to purify arachidonic acid very 
easily and in a shonened time using a smaller 
culture tank to thereby supply highly purified ar- 
achidonic acid in a large scale at a low cost. 

So far, prostaglandin related compounds, phar- 

45 macological activities of which are utilized or ex- 
peaed. are directly synthesized from arachidonic 
acid by a biochemical process using cycloox- 
ygenase, which has an advantage in that it is 
' unnecessary to remove various isomers unlike a 

50 chemical process. The process of this invention 
can provide highly purified arachidonic acid in a 
large scale at a low cost, which can contribute to a 
biochemical process for the production of the pros- 
taglandin related compounds. 

55 



EXAMPLE I 

A ootato (600 g) peeled and cut into cuDes wan 
an edge of I cm was boiled in 400 ml of water for 
20 minutes and passed through No. 32 mesh (0.5 5 
mm • 0.5 mm) to prepare potato paste (or slurry) 
which was mixed with 60 g of glucose and steril- 
ised by autoclaving. Before cooled to room tem- 
perature, the paste was poured into 70 sterilized 
dishes of 80 mm in diameter to prepare a solid /o 
medium. 

Mortierella aJpina (IFO 8568). Mortierella alpma 
(ATCC 2222}) and Mortierella elongata (IFO 8570) 
were inoculated in an amount of a platinum earpick 
into each of 30, 20 and 20 of the resulting drshes. /s 
respectively and incubated at 25 for 20 days. 

MyceUa grbvw on 20 dishes of each for IFO 
8568 and ATCC 32221 were collected. As for the 
remaining ten dishes for IFO 8568 and 20 dishes 
for IFO 8570. mycelia and pellicle together were 20 
scraped and collected with a spatula. The mycelia • 
(and pellicle) thus collected were immediately 
dried, crushed with chloroform/methanol (2:1. v/v) in 
a mortar and subsequently extracted with 
chloroform/methanol (2:1. v/v). The lipids thus ob- 25 
tained were converted to methyl esters with sodium 
methoxide. The fatty add composition of the esters 
was analyzed by gas chromatography to determine 
the content of arachidonic acid. The results are 
shown in Table I. 

The same procedures except that 735 mg of 
CaCU2HtO was added to I kg of the paste, were 
repeated to prepare 20 dishes of a sotid medium. 
IFO 8568 were inoculated into the dishes and in- 
cubated at 25*C for 20 days. Similarly, mycelia. 35 
and peUtcle were collected and treated. The results 
are also shown in Table I. 

Malto agar medium (22.5 g) and Sabouraud 
agar medium .(32.5 g) (both produced by NISSUI 
Pharmaceutical Co.. Japan) were each added to 40 
500 m» of distilled water, sterilized by autoclaving 
and poured into 25 dishes, respectively to prepare 
agar media. Mortierella alpina (IFO 8568) were in- 
oculated in an amount of a platinum earpick into 
the dishes and incubated at 2S'C for 20 days. 45 
Similarty. mycelia were collected, dried and treat- 
ed. The results are shown in Table I. 

The contern of arachidonic actd in the lipids of 
the mycelia grown on the potato media were higher 
than that in the Hpids of the pellk:le. while the cell 50 
yield of the mycelia was k>wer than that of the 
pelBcie. The yiekJ of arachidonic add in the 
mycelia was about 5 g perl kg of the medium and 
that in the mycelia and the peilk:le was more than 
M) g, which was 5 to 13 times the yieW in the liquid 55 
culture of the Suntory-Kyoto method (0.5 to 1.0 g/l). 



The addition oi calcium cnionae mcreasea the 
yields of the ceils and the i.pids to thereby ,n- 
crease tne yield of aracnidomc acid by 27%. whicn 
Showed a remarkable eHect of calcium cnior.de 
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EXAMPLE 2 

Extracts obtained trcxn iOO g. 300 g or 500 g of 5 
potato were added with 30 g of glucose and diluted 
with distilled water to 500 ml. respectively. The 
resulting culture media were poured into 250 ml L- 
shaped tubes and sterilized. Mortierella alpina (IFO 
3568) were inoculated into the media and incu* 
bated at 25 *C for 20 days under shaking. The cells 
were collected by centrifugation. washed, dned and 
treated in a similar manner as in EXAMPLE i. The 
results are shown in Table 2. 

The higher the concentration of potato extracts, 
the greater the yield of arachidonic acid. 
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EXAMPLE 3 



An extract obtained from 600 g of potato was 
added with 60 g of glucose and diluted with dis- 
tilled water to iOOO ml which was poured into four 
L-shaped tubes in 250 ml each and sterilized. The 
aqueous solutions of 185 mg of CaCI»»2H,0. 100 mg 
and 515 mg of MgCI,#6H,0 dissolved in I ml of 
water and sterilized were added to the three L- 
shaped tubes, respectively. Mortiereiia alpina (IFO 
3568) were inoculated into the four tubes and in- 
cubated at 25*C for 20 days under shaking. The 
cells were collected by centhfugaiion. washed, 
dried and treated in a similar manner as in EXAM- 
PLE 1. The results are shown in Table 3. 



15 



0 223 960 



:5 



^ 4 

Is. 2 



M O • 

551 



c 
>< o 



u O — 



6 



§ 2 



4 

C 



W 4 w 

c s • 



i5 T3 



• 2 



"III 
S§8 



u ^ US ■ 



je o 



5. 



O M 
w o 



2 



9k 



91 
9t 



O 



<7\ 
O 



«0 



9% 



• si. 



1*3 



§ 

z 



17 



0 223 960 



Table 3 shows that Ca'* and Mg'* increased 
the yields of methyl arachidonate. although the 
increases were lower than tnose ootained by the 
use in the solid media of EXAMPLE l. The contents 
of methyl arachidonate in the dry weight of the s 
cells were almost the same m the four media. 



EXAMPLE 4 

JO 

An extraa obtained from 200 g of potato and 
20 g of gliicose were diluted with distilled water, to 
1000 ml and adjusted to pH5.6. The resulting me- 
dium (200 ml) was charged in a 500-ml Sakaguchi 
flask, into which Mortierella alpina (IFO 8568) and /s 
Mortierella elongata (IFO 8570) in an amount of a 
platinum earpick were inoculated and incubated at 
25 *C for 6 days under shaking. The resulting ceKs 
were immediately collected by centrifiigation at 
6000 rpm. dewatered with filter paper and weighed. 20 
One portion was used to determine the dry weight 
of the celts and the remaining portion was crushed 
with chtorotorm/methanol (2:1. v/v) in a mortar and 
extracted with chtoroform/methanol (2:1. v/v). The 
lipids extracted was converted into metoyi esters 2S 
by sodium methoxide. The fatty add compositions 
were analyzed, by gas chromatography to thereby 
determine the content of arachidonic acid in the 
lipids. The results are shown in Table 4. 
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As described eariier. Haskins at al. have re- 
ported that Moftierelta renispora produced lipids m 
an amount oi 4.8% per the dry weight of the cells 
and that the content ol arachidonic acid was 26.7% 
of the lipids, which corresponded to 128% ( = s 
26.7% • 4.8%) expressed in the content of ar- 
achidonic add per the dry weight of the cells. 
According to this invention, the content of ar- 
achidonic acid per the dry weight of the cells was 
10.9% for alpina and 62% for elongata which were 
about 6 and 5 times that of the Haskins method, 
respectively and show that this invention is higher 
in the productivity than the Haskins method. 



EXAMPI-E 5 

An extract obtained from 400 g of potato was 
added with 40 g of glucose and 40 g of agar and 
diluted with distilled water to 2000 ml (pH 5.6) 20 
which was then sterilized by autoclaving and 
poured into tOO sterilized dishes to prepare agar 
media. Mortierelta atpina <IFO 8568) and Mortierella 
ek>ngata (IFO 8570) in an amount of a platinum 
earpick were inoculated into every 50 dishes, re- ?s 
spectively and incubated at 25*C for 10 days. After 
the cultivation, white cotton-like mycelia on the 
culture media were collected with a spatula and 
treated in a similar manner as in EXAMPLE 4. The 
results are shown in Table 5. ^0 

Similarly, Mortierella alpina (ATCC 16266. 
ATCC 3222L ATCC 42430), Mortierella bainieri - 
(IFO 8569). Mortierella extgua (IFO 8571). Mor- 
tierella mtnutissima (IFO 8573), Mortierella vertidl- 
lata (IFO 8575), Mortierella hygrophila (IFO 5941) as 
and Mortierella polycephala (IFO 6335) were cul- 
tivated. Analytical results of methyl esters obtained 
from the extracted lipids are shown in Table 5. 



55 



23 



0 223 960 



24 



Productivity 
(vs. Haskins method) 
Productivity 
(vs. other prior 
art nethod) 
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The content of methyl aractiidonate per the dry 
weight of the cells of Mortierella alpina was 22 and 
29 times higher than the Haskins method and the 
other prior art methods, respectively, which shows 
significantly high productivity of the process of this 5 
invention. 



EXAMPLE 6 

ro 

45 g of malto-agar medium (produced by NtS- 
SUI Pharmaceutical Co.) was added to lOOO ml of 
distilled water and stehlized at I21*C for. 15 minutes 
by autoclaving. The resulting medium was poured 
into 50 stehlized dishes of 80 mm in diameter, the /s 
dishes were divided into 5 groups consisting of 10 
dishes. Each dish of the 5 groups was inoculated 
with Mortierella alpina (IFO 8568), Mortierella 
bainieri (IFO 8569). Mortierella elongata (IFO 8570). 
Mortierella minutissima (IFO 8573) and Mortierella 20 
verticillata (IFO 8575) in an amount of a platinum 
earpick, respectively and incubated at 25 *C for 10 
days. After the cultivation, the white mycelia on the 
medium were collected with a spatula and treated 
in a similar manner as in EXAMPLE 4. The results 25 
are shown in Table 6. 

Similarly. Mortierella alpina ATCC 16266. ATCC 
3222! and ATCC 42430 were incubated. The ana- 
lytical results of methyl esters obtained from the 
lipids extracted are also shown in Table 6. ^0 
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EXAMPLE 7 

32.5 g Of Sabouraud agar medium (prcxluced 5 
by NISSUI Ptiarmaceuticai Co.) was added to 500 
ml of distilled water and sterilized at i2r ^,for I5 
minutes by autodaving. The resulting medium was 
poured into 25 sterilized dishes ol 80 mm in diam- 
eter. Mortierella alpina (ATCC 42430) was inocu- 
lated into the medium in an amount of a platinum 
earpick and incubated at 25*C for lO days. After 
the cultivation, white mycelium on the medium was 
collected with a spatula and treated in a similar 
manner as in EXAMPLE 4. The results are shown is 
in Table 7. . 
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For tna punltcauon ol arachidonate 50 mg o( 
methyl eitort obiainad by (ho ostonftCAUon ot the 
loul upids produced by Morlierolla alpma was 9uD- 
iectad to reveread phase thin layer chromatography 
(RP«I8F produced by Merck, methanol/acotonitnie 
1:1. v/v^ A bafKt at Rf 0.41 was scraped and recov- 
ered to Qive 35 rT>g ol methyl arachidonate having 
the pority of 05.9% <lhe remaining 4 1% boino 
methyl r^inolenaie). 



trtnniificatior^ o» Moihvl Afachidonate 

Identification ol methyl arachidonate (methyl 
e«cosa *5. 8. tl. t4-tetraenoate. molecular weight 
318.5) isoiated from the cella of Mortierella species 
was conducted in terms of the following 5 items. 

(I) Elemental analysis 
Methyl arachidonate having the purity of 05.0% • 
(the remaining 4 i% being methyl 7-linoienate) was 
aiwlyxed. 

Pound: C . 70.34%. H II 21% 
CalCd: C . 70.15%. H 10.77% 
(ii) Oaa chromatography 
Retention limes oi ihe sample on 0608 15% • 
(column temperature i90*C), SE-30 (column tom* 
porature I70*C) and OV«tOi (column temperature 
170*C) agreed weM with those ol the authentic 
sample. 

m Oaa-mau spectrum analysis 
Meaa Iragmeni pattern obtained by separating the 
sample on OEOS tO% (column temperature 
200*0 «nd lomamo the correeponding peak at 70 
e» resembled wek with that of the authentic sam* 
pie. wherein the parent peak appeared at m/e 318. 
Fraomem signala greater than m/e 200 were deter- 
mined at 5 times sensithrtty at which the signala of 
mm 0^200 wert determined. 

(Iv) spectrum 
H-NMR spectrum tor the sample resembled very 
weN with that lor the authentic sample. Taking the 
strengm d three methyl protona in methyl eater 
group at 4 vakie near 3.0 ppm aa the standard, 
there were 8 protona (9.0-5.7 ppm) which are dl* 
rectlv^bonded to a double bond nudeue and 6 
prolon8 (2M.3 ppm) o( methylene between dou- 
bit bonda, wMch supported the chemical structure 

(vXr^NMR 

Each ol signal pattema around 15-35 ppm derived 
from methylene carbon, around 50 ppm derived 
from methyl eater carbon, around 130 ppm derived 
from carbona lormino a double bond nudeua re- 
sembM weN with thoao of the authentic sample. 
Aooordlngty, it was confimted that the sample waa 
nol M iaomer ol methyl arachidonate m terma of 



Claims 

(1) A process lor !ho pforuiciii jn of afacnmonic 
acid-contatning lipids, which comonbos cultivating a 

^ strain selected Irom tho grouu consistmQ ol Mor* 
tiorella alpina. MortieroHa bamion. Mortionti oion- 
gata. Mortierella oxigua. Mortioroiia mmutti .iina. 
Mnrtierella vortictllata. Morttoreila Mygrophiia and 
Mortierella polycephala m a cuituro medium, cot- 

to locting the colls and isolating the arachidonic acid- 
containing lipids Irom the cells. 

(2) The process ol Claim i wherom said culture 
medium is a solid medium containing the whole 
tuber. 

fs (3) The process ol Claim 2, wherein said tuber 

IS solected from the group consisting ot potato, 
tare, sweet potato, cassava, yam. and Jerusalem 
artichoke. 

(4) The process ol Claim 2. whorem said tut)er 
?o IS potato. 

(5) The process ol Claim 2. whoiem said cul* 
turo medium is a solid medium compnsirig one 
part by weight of potato and 0 to 2 pans by weight 
of water. 

79 (6) The procons of Claim 5, whorein said solid 
medium further comprises 0 to 20 % by weight of 
cart)ohydrate based on tho woiqht of the whole 
medium. 

(7) The process of Claim 2. whorein said solid 
in miirtiiim fiirthur romr>r»«rt9 « divninnt ion 

(8) The process of Claim 7. wherein said dive- 
lent ion IS Ca** or Mg*». 

(9) The process of Claim 7. wherein said diva- 
lent ion Is contairtcd in an amount ot 0.01 to 5 g per 

js kg of said solid medium. 

(10) The process of Claim t. wherein said cui* 
turo medium is a liquid medium containing the 
whole or part of tut)er. 

(11) The process of Claim lO. wherein said tuk)er 
40 is selected from the group consisting of potato. 

taro. sweet potato, cassava, yam and Jerusalem 
articholce. 

(12) The process of Claim lO. wherein said tuber 
IS potato. 

4S (13) The process of Claim lO. wherein said 
culture medium is an extract obtained 0.3 to 2 
parte by weight of potato and one part by weight of 
water. 

(14) The process of Claim (3. wherein said 
50 liquid medium further comprises 0 to 20 % by 

' weight of cartx>hydrate based on the weight of the 
whole medium. 

(15) The process of Claim lO. wherein said 
liquid medium further comprises a divalent ion. 

55 (16) The process of Claim I5. wherein said 
divalem ion la Ca"* or Mg'». 
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(17) The process oi Claim 15. wheretn said 
divalent ion is con ta ined in an amount ot 0.01 to 5 g 
per liter oi said liquid medium. 

(18) The process of Claim I, wheretn the cul* 
tivation is conducted in a medium at an initial pH ol 
4.0 to 7.0 at K) to 33*0 for 2 to 20 days. 

(19) The process of Claim 2. wherein the strain 
is Mortierella alpina. 

(20) The process of Claim 10. wheretn the strain 
is Mortiereila alpina. 



